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ARTICLE INFO ABSTRACT 

Objective: To investigate neutrophil-lymphocyte ratio (NLR), which is an indicator of 
systemic inflammation, in patients with carbon monoxide (CO) poisoning. 

Methods: We included 528 patients (275 women) who presented with a diagnosis of CO 
poisoning between June 2009 and March 2014. Control group was composed of 54 
patients (24 women). Platelet count and mean platelet volume level were significantly 
higher in the CO poisoning group. 

Results: White blood cell level (9.8 + 3.3 vs. 8.6 + 2.9 x 10°/mL, respectively; P = 0.01), 
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K ds: 

Boe a = neutrophil count (6.00 + 2.29 vs. 4.43 + 2.04 x 10°/mL, respectively; P < 0.01) and NLR 
Poisoning (3.01 + 2.34 vs. 2.23 + 1.27, respectively; P = 0.02) were significantly higher in CO 
Neutrophil-lymphocyte rati ee ee 

wis ais ; a Conclusions: The increase of NLR may indicate the progression of fatal complications 


due to CO poisoning. 


1. Introduction 


Carbon monoxide (CQO) is a toxic gas that consists of one 
carbon and one oxygen atoms linked by two covalent bonds and 
one dative covalent bond, with no unpaired electrons’. CO 
poisonings are frequent and can lead to high morbidity and 
mortality, involving multiple organ systems and undetected 
CO exposure can be fatal’. Neurologic and cardiovascular 
complications are common. Unfortunately, symptoms are often 
non-specific and are frequently overlooked'”’. 

The neutrophil-lymphocyte ratio (NLR) is easy, cheap, 
noninvasive, and widely available laboratory marker of systemic 
inflammation. Recently, it gained increased interest due to its 
role as an independent prognostic factor for many conditions 
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such as uncontrolled hypertension, diabetes mellitus, acute 
coronary syndromes, valvular heart disease, congenital heart 
disease, renal or hepatic dysfunction, malignancy, local or sys- 
temic infection, and some other inflammatory diseases”. 
Whereas high neutrophil counts reflect inflammation, low 
lymphocyte counts reflect poor general health and physiologic 
stress’. NLR combines these two independent markers of 
inflammation’ ’'. In several studies, it has been shown that NLR 
is an indicator of systemic inflammation’. 

The important role of leukocytes in the pathophysiology of 
fatal complications due to CO poisoning has been shown in 
previous studies”, Moreover, Thom et al. report that leukocyte 
sequestration increases significantly in brain microvasculature 
following exposure to CO’. We speculated that systemic 
inflammation might play a role in etiopathogenesis of acute 
CO poisoning. To the best of our knowledge, there is no study 
investigating the NLR in patients with acute CO poisoning. 
Therefore, we aimed to investigate NLR as an inflammation 
marker in patients with CO poisoning. 


2221-6189/Copyright © 2015 Hainan Medical College. Production and hosting by Elsevier (Singapore) Pte Ltd. All rights reserved. 
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2. Materials and methods 
2.1. Patient and methods 


There were 569 patients who presented with a diagnosis of 
CO poisoning to the Emergency Department of Cumhuriyet 
University School of Medicine, Adnan Menderes University 
School of Medicine and Isparta State Hospital between June 
2009 and March 2014. However, 41 patients were excluded 
from the study because of exclusion criteria and laboratory 
mistakes. Finally, the remaining 528 patients (253 male, 275 
female; mean age 34 + 20 years) were included in the study. An 
age, sex-matched control group was composed of 54 patients (24 
women, 30 men with a mean age 39 + 12 years). The study was 
approved by the institutional ethics committee and all patients 
gave their informed consent. 

Exclusion criteria were history of acute or chronic renal and 
liver disease, atherosclerotic heart diseases, heart failure, 
valvular heart disease, peripheral arterial disease, obesity, dia- 
betes mellitus, history of malignancy, chronic hematological 
diseases, acute or chronic inflammatory disease, autoimmune 
disease, drug use affecting NLR. Additionally, patients who 
were referred to the emergency department because of the need 
of urgent hyperbaric oxygen treatment and diagnosed died in the 
emergency department excluded from the study. 

Cases were selected from Cumhuriyet University, Adnan 
Menderes University and Isparta State Hospital between June 
2009 and March 2014 database including all patients admitted 
with diagnosis of CO poisoning. Patients’ demographics and 
medical history including age, gender were abstracted from 
medical records. Blood samples were withdrawn to determine 
routine biochemical markers and blood cell analyses. Generally, 
the blood of patients admitted to the emergency department with 
the diagnosis of CO poisoning are studied within 15 min. Mean 
platelet volume (MPV) and other blood samples for platelet 
indices measurement collected in _ dipotassium — ethyl- 
enediaminetetraacetic acid (EDTA) tubes and analyzed with a 
same automatic blood counter (Beckman Coulter). 


2.2. Statistical analysis 


Data were analyzed with the SPSS software version 15.0 for 
Windows. Continuous variables from the study groups were 
reported as mean + SD. To compare continuous variables, the 
student's f-test or Mann—Whitney U test were used wherein 
appropriate. Categorical variables were compared with the _ 
test. Pearson's correlation coefficients were calculated to eval- 
uate relation-ships between variables. A P value less than 0.05 
was considered as statistically significant. 


3. Results 


The study group consisted of 528 patients with CO poisoning 
from stove (275 women, 253 men, mean age 34 + 20 years). There 
were 54 patients (24 women, 30 men, mean age 39 + 12 years) in 
control group. Patients most commonly admitted between the 
hours of 8:00 a.m. and 9:00 a.m. (52 patients). The most common 
admission to the emergency room with the diagnosis of CO 
poisoning was at December (176 patients, 30.2%). 

There was no statistically significant differences between two 
groups with respect to age (P = 0.14) and gender (P = 0.31) 


Table I 
Demographic, biochemical characteristics of CO poisoning and control 
groups. 





Characteristics CO poisoning Control P 
group (7 = 528) group (nm = 54) 
Mean age (year) 34 + 20 39 + 12 0.14 
Male/Female 253/275 30/24 0.31 
Creatinine (mg/dL) 0.92 + 0.22 0.98 + 0.30 0.07 
Sodium (mg/L) 137 +3 138 + 3 0.06 
K (mg/L) 40+ 0.5 4.1+04 0.45 
AST (U/L) 27 + 25 27 + 15 0.87 
ALT (U/L) 22 + 16 27 + 23 0.04 
Ca (mg/L) 92+0.5 94+ 0.6 0.17 
ALP (TU/L) 96 + 59 42+8 < 0.01 
LDH (IU/L) 159 + 76 76 + 14 < 0.01 
Table 2 


Hematologic characteristics of CO poisoning and control groups. 


Characteristics CO group Control group P 
(n = 528) (n = 54) 

Hemoglobin (g/dL) 13.70+1.70 1290+110 <0.01 
WBC x 10°/mL 9.804330  860+290 0.01 
Platelet x 10°/mm* 275.00 + 80.00 253.00 + 64.00 0.04 
MPV (fL) 8.60 + 1.40 8.00+0.70 <0.01 
Neutrophils x 10°/mL 6.00+2.29 4434204 <0.01 
Lymphocytes x 10°/mL —.2.76 + 1.60 2.434121 0.15 
NLR 3.01+2.34 2.234127 0.02 


(Table 1). Aspartate transaminase, potassium, calcium and 
lymphocytes levels (2.76 + 1.60 vs. 2.43 + 1.21, respectively; 
P = 0.15) were comparable between CO poisoning group and 
control group (Table |). Creatinine (P = 0.07) and sodium 
(P = 0.06) levels were slightly significant in both groups. 
Alanine transaminase level was higher in control group (22 + 16 
vs. 27 + 23, respectively; P = 0.04). Alkaline phosphatase 
(96 + 59 vs. 42 + 8 IU/L, respectively; P < 0.01) and lactate 
dehydrogenase (159 + 76 vs. 76 + 14 IU/L, respectively; 
P < 0.01) were significantly higher in CO poisoning group 
compared with control group (Table |). Similarly, hemoglobin 
level (13.7 + 1.7 vs. 12.9 + 1.1 g/dL, respectively; P < 0.01) and 
platelet counts (275 + 80 vs. 253 + 64 x 10”, respectively; 
P = 0.04) were higher in CO poisoning group (Table 2). 
Moreover, MPV level was significantly higher in CO group 
(8.6 + 1.4 vs. 8.0 + 0.7, respectively; P < 0.01). 

The markers associated with inflammations; white blood cell 
(WBC) level (9.8 + 3.3 vs. 8.6 + 2.9 x 10°/mL, respectively; 
P = 0.01) and neutrophil count (6.00 + 2.29 vs. 
4.43 + 2.04 x 10°/mL, respectively; P < 0.01) were significantly 
higher in CO poisoning group than control group. Moreover, 
NLR was also significantly higher in CO poisoning group 
(3.01 + 2.34 vs. 2.23 + 1.27, respectively; P = 0.02) (Table 2). 

In correlation analysis, the NLR was positively correlated 
with neutrophil count (P < 0.01, r = 0.69) and WBC level 
(P < 0.01, r= 0.35). Unlikely, it was negatively correlated with 
lymphocyte count (P < 0.01, r = 0.56). 


4. Discussion 
In the present study, we examined indices associated with 


inflammation in patients with acute CO poisoning. We found 
that WBC, MPV, neutrophil count and NLR were significantly 


Case 1:13-cr-00435-TDS Document 181-6 Filed 07/22/19 Paqe 3 of 5 


Mustafa Karabacak et al/Journal of Acute Disease 2015; 4(4): 305-308 307 


higher in patients with CO poisoning. More importantly, NLR 
was positively correlated with neutrophil count, WBC level. 

The NLR is easy, cheap, noninvasive, and widely available 
laboratory marker of systemic inflammation. Recently, it gained 
increased interest due to its role as an independent prognostic 
factor for many conditions such as uncontrolled hypertension, 
diabetes mellitus, acute coronary syndromes, valvular heart 
disease, congenital heart disease, renal or hepatic dysfunction, 
malignancy, local or systemic infection, and some other in- 
flammatory diseases'*”’. The NLR is a combination of 2 
independent markers of inflammation: neutrophils, as a marker 
of ongoing nonspecific inflammation, and lymphocytes, as a 
marker of the regulatory pathway''''. The combination of these 
2 markers, the NLR, has proved to a powerful simple marker 
of inflammation’. 

Several mechanisms have been postulated in the patho- 
physiological mechanisms of CO poisoning. As regards the 
specific mechanisms, CO is capable to bind to the heme group of 
myoglobin with an affinity of 60-times greater than that of ox- 
ygen, thus reducing the oxygen supply to the mitochondria, 
impairing the oxidative phosphorylation and deteriorating the 
energy source of myocardium''’'. CO is also directly toxic for 
mitochondria, through impairment of mitochondrial respiratory 
chain at the cytochrome c oxidase level''"'. This binding of CO 
to the hemoglobin molecule causes alterations in the 
hemoglobin molecule, preventing oxygen from being released 
easily, which causes a reduction in oxygen delivery to the 
tissues, resulting in tissue hypoxia''’'’, Thus, neurological and 
cardiovascular manifestations are observed''’'. To the best of 
our knowledge, there is no study directly investigating the 
inflammation marker on acute complications due to CO 
poisoning. The pathophysiologic mechanisms underlying these 
complications are still not fully understood. One of these 
mechanisms is that CO poisoning activates nitric oxide and 
other oxygen free radicals''’!. Oxygen free radicals can affect 
blood flow, contributing to endothelial damage’. It is 
postulated that this oxidative injury is mediated largely by 
leukocytes. Moreover, in rats made _ leukopenic, lipid 
peroxidation is inhibited following CO poisoning. Leukocyte 
sequestration increases significantly in brain microvasculature 
following exposure to CO’. The generation of oxygen 
radicals during reperfusion has been implicated as the major 
component of post-ischemic brain injury’. In previous studies, 
it has shown that neutrophils play a role in CO-mediated brain 
injuries in CO poisoning''’'”'. In present study, the number of 
circulating neutrophil was significantly higher in CO 
poisoning group. However, lymphocyte count was comparable 
in both groups. 

A second mechanism, increased thrombotic tendency has 
been reported in patients with CO poisoning’*’~''. Thom et al. 
shown that acute CO poisoning causes intravascular neutrophil 
activation due to interactions with platelets''. Similarly, we 
found that platelet and MPV level were significantly higher in 
CO poisoning patients. We anticipate that the results of our 
study will indirectly support that study. Nevertheless, we did 
not know the exact cause of increased NLR in patients with 
CO poisoning. Further prospective studies are needed to 
establish the pathophysiological and clinical significance of 
increased NLR in patients with CO poisoning. 

There are several limitations in this study. Firstly, this study 
was conducted on a retrospective basis and represented only 
three-center experience. Secondly, our analysis was based on a 


simple baseline determination at a single time point that may not 
reflect patient status over long periods. Thirdly, evaluation of 
MPV within 30 min is recommended when blood sample is 
collected in EDTA tube. In our study, although it is retrospec- 
tive, blood samples of patients admitted with the diagnosis of 
CO poisoning to the emergency department are usually studied 
within 15 min. Finally, our study population may be small. 
Accordingly, it may limit the statistical power of the study. 

In conclusion, we found that the NLR significantly elevated 
in patients with CO poisoning. We suggested that systemic 
inflammation may be effective in the development of compli- 
cations due to CO poisoning. Moreover, the increase of NLR 
may indicate the progression of complications due to CO 
poisoning. Therefore, anti-inflammatory drug usage in acute CO 
poisoning might be reasonable. 
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